Disasters affect significant numbers of people in the poorest parts of the world. The main impediment to progress in reducing the extent of disaster outcomes appears to come from inabilities to address macro-economic drivers of vulnerability. This study examines the association between three key drivers of vulnerability, i.e. wealth/poverty, income inequality and the absence/presence of social welfare systems, and short-term and long-term disaster outcomes.
Introduction
Disasters impede development (Pelling et al. 2004; Foresight 2012; UNISDR 2009 ); the evidence is clear, but why is this the case? Theory suggests that disasters skew the process of development by imposing the greatest impact on the poorest and most marginalized members of society during disasters and in the recovery stage, especially those who live in countries with low wealth and high inequality. Moreover, empirical evidence is starting to indicate that people with subsistence livelihoods can become trapped in a cycle of poverty they cannot escape, and find their limited assets depleted in repeated hazards (Duncan et al. 2017; Enfors and Gordon 2008; Eriksen and Silva 2009 ). Social welfare provisioning appears to be crucial to supporting the poorest through disasters, although individual case-studies are showing a complex relationship between cash and food transfers and wellbeing (Sabates-Wheeler and Devereux 2010; Soares 2011) . This paper examines the role of national wealth, income inequality and social welfare in shaping disaster outcomes (both natural and technological). If we are to achieve the United Nations' Sustainable Development Goals (SDGs) by 2030, action is needed to identify how to decouple the link between disasters and development (Pearson and Pelling 2015) . This paper provides insight into the associations between these three key drivers of development vulnerability 1 and disaster outcomes, thereby highlighting areas for policy action.
Recognizing the damaging relationship between disasters and development, the Sendai Framework for Disaster Risk Reduction 2015-2030 advocates the need for improved understanding of disaster risk and the strengthening of disaster risk governance, as two of its four priorities (UNISDR 2015) .
Specifically, it calls for policies and practices for disaster risk management to be based on a multidimensional understanding of disaster risk taking into account: vulnerability, capacity, exposure of persons and assets, hazard characteristics and the environment, known as 'Priority 1'. It further calls for strengthening of disaster risk governance for prevention, mitigation, preparedness, response, recovery and rehabilitation is necessary, known as 'Priority 2'. These are not new goals. They have been widely cited as urgently needed (UNISDR 2009; IPCC 2012) and have been core priorities of the UNISDR since the Yokohama agreement (UNISDR 1994). But they have not yet been achieved. These priorities come from theoretical work on disasters and development in the 1980s and 1990s that linked high levels of poverty, inequality and constraining economic structures with long-term and systemic vulnerability to hazards (Wisner et al. 2004) . Wealth, inequality and provision of social welfare have each been linked to disaster outcomes individually through individual hazard-specific or location-specific research. What is missing is global or large-scale research on the drivers of disaster risk and disaster outcomes (Tierney and Oliver-Smith 2012) . The absence of this research manifests as limited guidance on how national, regional and global governance can effectively manage disaster risk. We aim to fill this gap, by exploring whether pre-disaster levels of wealth, inequality and social protection have impacts on disaster outcomes. In other words, do countries with high welfare, low inequality and high provision of social welfare fare better after disasters than others? Our research takes these questions of associations between disaster outcomes and vulnerability further, by exploring the association between disaster outcomes and economic growth 2 . There is mixed evidence of a dampening effect of disasters on economic growth, with lessdeveloped and developing countries appearing to experience worse effects than the developed world, possibly due to their reliance on agriculture, which is easily damaged during disasters (Anbarci, Escaleras, and Register 2005; Noy 2009 ).
Given the increasing availability of global data on disasters and development, we draw on this resource, using a data-driven approach, to try to untangle the complex associations between development and natural and technological disasters 3 . By focusing only on those countries which have experienced disasters (i.e. we do not consider countries that are affected by hazards but which do not experience severe impacts), we endeavour to draw out lessons on the key factors that are generating and impeding improvements in short-term and long-term disaster outcomes for both people and economic growth.
2 It should be mentioned here that identifying the long-term impact of disasters can be difficult, this is due to the following: i) disasters often do not affect the entire economy (with the exception of small islands and states), but only localized areas; and ii) disasters tend to damage physical stocks of capital and human capital, but this can be offset by replacement capital during the recovery stage of disasters (Horwich 2000) . 3 In this paper, we follow the definition and classification of disasters considered in EM- DAT (2018) . Using the EM-DAT definition, a disaster is a situation or event which overwhelms local capacity, necessitating a request at the national or international level for external assistance. It is an unforeseen and often sudden event that causes great damage, destruction and human suffering. We consider two types of disasters: a) natural disasters (i.e. geophysical, such as earthquakes, mass movement and volcanic activity; meteorological, such as extreme temperature, fog and storms; hydrological, such as floods, landslides and wave action; climatological, such as drought, glacial lake outbursts and wildfires; biological, such as epidemics, insect infestation and animal accident; and extra-terrestrial, such as impacts and space weather); and b) technological disasters (i.e. industrial accidents, such as chemical spills, collapses, explosions, fires, gas leaks, poisoning, radiation and oil spills; transport accidents, such as air, road, rail and water; and miscellaneous accidents, such as collapse, explosion and fire) (EM-DAT 2018).
Our specific aim is to identify the existence and nature of any association between macro drivers of socio-economic vulnerability and disaster outcomes for both people and economic growth at the global scale. The benefit of undertaking analysis at this scale is that we are able to identify the existence of associations between key variables that allow us to generalise, which previous smallscale research in this area has failed to deliver. To do this, we ask four questions: 1. Does national wealth influence the disaster outcomes (in terms of fatalities, numbers affected and economic damage) from both natural and technological hazards? 2. Does income inequality influence disaster outcomes from both natural and technological hazards? 3. Does the presence of social welfare programmes reduce the size of disaster outcomes from both natural and technological hazards?
And finally, 4. Do disaster outcomes affect economic growth? This paper also attempts to find which of these factors are the most important and to compare natural with technological disasters.
To the best of our knowledge, this is the first study which examines the role of these factors simultaneously not only for natural disasters but also for technological disasters. We first use national wealth, income inequality and social welfare provisioning as independent variables, to see whether ex-ante policy instruments relating to economic, income and social protection generate greater or lesser returns than investments in ex-post response to disasters i.e. emergency assistance and relief (Sann et al. 2012) . We then use the human and economic impacts of disaster outcomes as independent variables, to see whether policy interventions to reduce disaster risks could be used as ex-ante instruments to manage long-term economic growth in countries which are badly affected by disasters. The ultimate aim is to draw out some potentially useful policy recommendations designed to lower human and economic impacts from disasters and increase disaster resilience.
In the next section, we explore the literature on the relationships between national wealth, income inequality and social welfare and disaster outcomes, and the influence of disaster outcomes on economic growth. A set of hypotheses concerning these relationships has been formulated by combining the main results of the literature concerning this topic. In section 3, we present the data and variables used in the analysis, as well as the econometric specifications of the regression models used. Our results are presented in section 4, and we draw out the wider implications of the findings, and policy recommendations in section 5.
Disasters and development
Disasters affect significant numbers of people, especially in the poorest parts of the world. For example, in the Asia-Pacific region, in 2015, over 70 million people were affected by disasters, with over 16,000 fatalities. In India alone, using Government of India data, Ray-Bennett (2007) shows that between 1985 and 2001, each year across India approximately 1.6 million houses were partially damaged or completely destroyed and 35.4 million people were affected by disasters. However, disasters are more than events that cause death, injuries and destruction to a society. They are a human problem that should be viewed in the context of the economy and society (Cuny 1978; Cannon 1994) . Disaster outcomes have the potential to derail the pursuit of the SDGs, which are a universal call to ensure that all people benefit from prosperity. Hence, there is a need for urgent action to address the socioeconomic drivers of disaster outcomes which reduce prosperity (Stern 2009 ). To do so, there are calls to develop integrative and holistic frameworks to systematize and assess vulnerability, risk and adaptation outlining key factors that need to be addressed when assessing vulnerability in the context of hazards (Birkmann et al. 2013; Cutter, Boruff, and Shirley 2012) .
In this section, we explore the main arguments behind the factors that could manage risks and vulnerabilities, and, more specifically, we consider the key theorized factors of wealth, inequality and social policy. Three decades have passed since sociologists such as Bolin and Quarantelli highlighted the social and economic nature of disaster. There is now broad agreement that disasters occur at the intersection between a hazard and vulnerable people or places (Wisner et al. 2004) . A rich body of literature exists on the causes of vulnerability, e.g. Cutter, Boruff and Shirley (2012) , Birkmann et al. (2013) , Adger (2006) and Eakin and Luers (2006) , which theorise but do not evaluate the effects of wealth, inequality and social welfare on people and the economy in general. This section considers each of these three elements in turn.
A large body of small scale case-studies has explored the relationship between individual disasters and wealth (e.g. Cutter et al. 2006; Duncan et al. 2017 ), yet large-area and international comparative studies on the same topic are rare. One of the few studies to take a global comparative perspective (Ward and Shively 2017) highlights the relationship between frequent damaging disaster impacts and slower long-term economic development and wealth. They find that: i) low-income countries are significantly more at risk of climate-related disasters, even after controlling for exposure to climate hazards and other factors that may confound disaster reporting, and ii) higher income generally diminishes a country's social vulnerability to such events, resulting in lower levels of mortality and morbidity. They conclude that continued economic development may be a powerful tool for lessening social vulnerability to climate change. This paper advances the work of Ward and
Shively by shedding light on the role of multiple, but key, drivers of vulnerability (i.e. wealth, income inequality and social welfare support) in disaster outcomes.
The damaging role of socioeconomic and income inequality has been demonstrated globally. Lack of knowledge of how to address the intractable problem of income inequality has acted as a barrier to progress on reducing disaster risk for decades. Case-studies which explicitly explore the relationship between inequality and disasters tend to focus on a specific hazard, or consider just one region or nation -limiting generalizability. For example, Ray-Bennett's (2009) work in India highlights the roles of caste, class and culture in shaping disaster outcomes in Odisha. She points to the fact that women, particularly those from the lowest caste, remain more likely to experience long-term and damaging impacts following disasters. Tierney (2006) looks at the social injustice issues associated with the Hurricane Katrina disaster in New Orleans in 2005, and highlights racial difference as a driver of unequal outcomes. Keerthiratne and Tol (2018) , using similar methods to Bui et al. (2014) , explore the relationship between natural disasters and income inequality in Sri Lanka, and find that natural disasters tend to more negatively affect agricultural incomes (agriculture tends to the main livelihood of the poorest in society). Jones et al. (2011) identified that unequal levels of support in post disaster recovery worsen prevalence of mental health issues in Mexico. In the United States, post hurricane evidence shows that after a disaster the highest rates of outmigration were found in the most deprived areas (Myers, Slack, and Singelmann 2008) . The UN and World Bank provide many more localized examples (World Bank and United Nations 2010). These types of studies are slowly increasing in number, providing a richer understanding of the link between disasters and inequality at the local scale, but they are not contributing to our knowledge about the global setting (Yamamura 2015; Strömberg 2007) .
Few analyses that exist at the global level that attempt to explain higher level relationships between income inequality and disaster outcomes. Using cross-country panel data, Strömberg (2007) examines whether income inequality is correlated with disaster-related deaths, while Yamamura (2015) examines how the occurrence of natural disasters has affected income inequality. The limitation of the empirical literature on this topic is all the more surprising in view of the theoretical importance of inequality reduction for disaster risk reduction. The analysis performed in this paper is an attempt to fill this significant gap in empirical studies of the associations between income inequality and disaster outcomes at a global level.
Social welfare policies and programmes have been developed, applied and tested to reduce social problems associated with hazards, especially in the less-developed and developing world, i.e. across
Latin America, Africa and Asia (Slater 2011) . The benefits from these programmes are well documented, such as the economic development and social welfare gains in NE Brazil from the Bolsa Familia programme (Lemos 2007) , and the food security stabilization benefits of the Productive Safety Net Programme in Ethiopia (Berhane et al. 2014 ). Yet, social welfare policies have also generated some cause for concern. Critics have pointed to the damaging impacts of food distribution systems on domestic food production, and noted that cash transfers can undermine local markets and create inflation or price distortions (Devereux and White 2010 What is increasingly clear is that disasters harm people in many ways, affecting not only their homes and livelihoods but also physical and mental health, which in turn affects economic growth. Health problems can affect people's ability to support their own families, function in society, and maintain full employment. For example, after a hydro-meteorological disaster in tropical developing countries there are frequently epidemics of malaria (Watson, Gayer, and Connolly 2007) . Evidence is conclusive that there is a strong correlation between malaria and economic development (Sachs and Malaney 2002) . After major disasters depression and post-traumatic stress disorder are common, affecting people's ability to get on with their lives and return to work (Munro et al. 2017) . There is growing evidence of the health impacts of disasters in the developed world (Bell et al. 2017 ), but far less is known in the developing world. In combination, when many people are simultaneously affected, these factors all alter the present and future rates of economic growth. Therefore, this paper also assesses the human and economic impacts of disasters on economic growth.
Data and methods

Data and variables
To better understand the drivers of disaster impacts, we draw on data reflecting the key drivers of vulnerability, i.e. measures of national wealth, inequality and the presence of social welfare programmes. In this paper, we obtain data and construct variables from five international databases. Data on disaster outcomes were obtained from the Emergency Events Database (EM-DAT) 4 , which documents disaster outcomes by nation, disaster type since 1900 using a variety of metrics. EM-DAT is an unbalanced database, i.e. the number of data points available for different classes is different. The imbalance occurs because some countries may experience multiple disasters in the same year while others experience none. There are two further reasons for imbalance: a) for any country in a given year there has been a disaster but it does not satisfy the CRED criteria, or b)
for any country in a given year there has been a disaster that satisfies the CRED criteria but it has not been observed and documented in the dataset (especially before 1988). The set of data where country-year observations are not observed due to lack of documentation is likely to produce bias because it generates missing observations (Tselios and Tompkins 2017) .
EM-DAT provides information on the human impact of disasters 5 and on the disaster-related economic damage 6 estimates. According to EM-DAT, the number of natural disasters rose between 1900 and 2000 and the number of technological disasters rose between 1900 and 2005 (Appendix 4 EM-DAT contains data on the occurrence and effects of over 22,000 mass disasters in the world from 1900 to the present day, conforming to at least one of the following Centre for Research on the Epidemiology of Disasters (CRED) criteria: 10 or more people dead, 100 or more people affected, the declaration of a state of emergency and a call for international assistance (EM-DAT 2018). 5 The human impact of disasters is measured a) by the number of total people affected, which includes the number of people injured (i.e. people suffering from physical injuries, trauma or an illness requiring immediate medical assistance as a direct result of a disaster), the number of people made homeless (i.e. people whose house is destroyed or heavily damaged and therefore need shelter after an event), and the number of people affected (i.e. people requiring immediate assistance during a period of emergency requiring basic survival needs such as food, water, shelter, sanitation and immediate medical assistance) (i.e. total affected = injured + homeless + affected); and b) by the number of people killed, which includes sum of the dead (i.e. people who lost their life because the event happened) and missing (people whose whereabouts since the disaster is unknown and who are presumed dead) (i.e. total killed = deaths + missing) (EM-DAT 2018). Hence, human impact = total affected + total killed = injured + homeless + affected + deaths + missing. We do not calculate the per-capita human impact of disasters because hazards, and therefore hazard-associated disasters, strike a local or regional part of a country and they rarely affect entire nations (Tselios and Tompkins 2017; Escaleras and Register 2012). 1). This increase is attributed to both societal change and economic development (Bouwer et al. 2007; Escaleras and Register 2012) , and to improvements in data collection and reporting in EM-DAT Data on national wealth were obtained from the Penn World Table  7 (PWT) (Feenstra, Inklaar, and Timmer 2015) . We use two proxies for national wealth: a) national output and b) national growth.
We measure national output as the real GDP per capita at constant 2005 national prices in mil. US$ and national growth as the annual GDP per capita growth (short-term growth) and as the five-year GDP per capita growth (long-term growth). All these variables are in ln form. Moreover, the ln scale takes into account the scaling effect. For example, the ln of GDP per capita compacts (reduces) the variable scale of countries with high GDP per capita. Hence, it is a better approximation of national output that GDP per capita changes multiplicatively than that it changes additively, so analysis on ln scale is helpful.
The Standardized World Income Inequality Database (SWIID) provides comparable estimates of the Gini index 8 of net-income inequality, which is defined as inequality in equivalized (square root scale)
household disposable (post-tax, post-transfer) income, using Luxembourg Income Study data as the standard, for 192 countries for as many years as possible from 1960 to the present (Solt 2016) . The net-income inequality index is usually assumed as the best suited index (Solt 2016) . Despite this, we also use the Gini index of market-income inequality, which measures the distribution of income before taxes (e.g. tax on wages, salaries, dividends, interest and rents) and transfers (e.g. publicly-7 PWT is a database with information on relative levels of income, output, input and productivity, covering 182 countries between 1950 and 2014. 8 The Gini index or coefficient is the most popular measure of income inequality. It leverages a scale from 0 to 1 (or 100) to derive deviation from perfect income equality. This index satisfies the criteria of scale invariance (i.e. mean independence and population size independence) and the principle of transfers (i.e. the transfer of income from rich to poor reduces measured inequality), but it is not consistent with the welfare principle that income transfers are more consequential among the poor than among the rich (Firebaugh 2003; Cowell 1995) . Moreover, the Gini index is sensitive to outliers (such as the very few wealthy individuals), because it is calculated using sample people at random.
provided in-kind transfers, such as public spending on education and health care). This is very important because countries differ widely with respect to the level of tax and transfers. In some countries, cash transfers are small in size but highly targeted to those in need (OECD 2012).
Generally, tax and transfers reduce overall income inequality. Although market-income inequality takes into account taxes and transfers, it cannot be considered 'pre-government', because a wide range of non-redistributive government policies (e.g. public education) shape the income distribution (Solt 2016; Iversen and Stephens 2008) . Generally, as the coverage and comparability of SWIID far exceed those of alternative datasets, the SWIID is better suited for broadly cross-national research on income inequality than other sources (Solt 2016 ).
Social welfare is a multidimensional concept and it is difficult to operationalize (Sen 1973) . We use two proxies for social welfare: a) Amartya Sen's social welfare index (Sen 1974 (Sen , 1976 , in ln form, which can be considered as an output of social welfare, and b) the public social spending as a percentage of GDP, which can be considered as an input of social welfare.
Sen's social welfare index of a country is defined as GDPpc(1-Gini), where GDPpc is the per-capita GDP of the country (source: PWT) and Gini is the Gini coefficient on income inequality within the country (source: SWIID). Hence, the higher the GDP per capita of a country and the lower the income inequality within this country, the higher the social welfare of the country. This index, therefore, considers not only the level of economic output of a country, but also how that output is distributed to their citizens (England 1998). 9 It is an 'objective' index and has the advantage that it is relatively free of the cultural and language problems that presumably bedevil questionnaire evidence on 'subjective' welfare, such as life satisfaction and happiness (Blanchflower and Oswald 2007; Rodríguez-Pose and Tselios 2015) . Moreover, people use a variety of reference points from their own experiences, beliefs and social imprints to evaluate their current situation (Aslam and Corrado 2007; Fernandez and Kulik 1981) , which means that measures of self-reported well-being are subject to the problem of adaptive preferences (Elster 1983; Sen 1999; Nussbaum 2000) . Hence, self-reported well-being may be affected by the personality of the individual being surveyed or by the conditions of the place where he/she lives.
The public social spending represents financial flows controlled by General Government (different levels of government and social security funds), in the form of social insurance and social assistance payments. It has been obtained from the Organisation for Economic Co-operation and Development (OECD) social expenditure database (SOCX 10 ). This indicator is available for 35 OECD countries 11 for the period 1990-2016. 12 Social spending was at a historical high (i.e. about 21 per cent of GDP) in 2016 in many OECD countries (OECD 2016) . Nonetheless, there is some variety across OECD countries in public social spending. For example, differences in pension spending to some extent are related to differences in the age structure of populations, the number of senior citizens who have access to pensions and their payment rates, and the increase in public expenditure on health is related to the rising relative health prices and the cost of medical technology and to the increase in the proportion of the elderly population (OECD 2016). Economic trends affect social spending. For instance, public spending on labour market policies actually fell after the beginning of the global economic crisis in 2009 as spending on unemployment compensation declined after the crisis, the economic crisis has affected demand for affordable housing, and during the period of economic crisis fiscal space for housing support remained tight (OECD 2016).
Data on the control variables 13 were obtained from EM-DAT, PWT and The World Bank Data (WB)
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The control variables used in this paper were chosen after considering the existing literature on the determinants of disaster outcomes as well as the data availability (e.g. long time-series availability).
The control variables are: a) the number of disasters in ln form (source: EM-DAT), which may capture the exposure of a country to disasters (Tselios and Tompkins 2017; Escaleras and Register 2012) ; b) the number of people engaged in millions in ln form (source: PWT), which is a proxy for the marketsize effect (Vaillancourt and Haavisto 2016; Escaleras and Register 2012; Yamamura 2012 ); c) the 10 SOCX was developed to serve a growing need for indicators of social policy and is based on the work of Adema, Fron and Ladaique (2011) . This database includes reliable and internationally comparable statistics on public and (mandatory and voluntary) private social expenditure at the programme level. SOCX presents public and private benefits with a social purpose grouped along the following policy areas: old age, survivors, incapacity-related benefits, health, family, active labour market programmes, unemployment, housing and other social policy areas (OECD 2016 12 We do not measure the total net social spending as a percentage of GDP, which takes into account public and private social expenditure, and also includes the effect of direct taxes (income tax and social security contributions), indirect taxation of consumption on cash benefits as well as tax breaks for social purposes, because it is available only for 2001, 2003, 2005, 2007, 2009 and 2013. 13 Control variables are variables that are not of primary interest (here, the primary interest variables are national wealth, income inequality and social welfare, which are independent variables) and constitute an extraneous factor whose influence is to be controlled or eliminated. 14 https://data.worldbank.org/indicator total factor productivity (tfp) at constant national prices (source: PWT), which is a proxy for the technological progress and innovation and it is an important factor because if new technology is adapted, it makes the buildings more efficient; d) the population density (i.e. people per square km of land area) in ln form (source: WB), which usually captures agglomeration effects (Vaillancourt and Haavisto 2016) ; and e) the population in the largest city (i.e. percentage of urban population), which is the percentage of a country's urban population living in that country's largest metropolitan area (source: WB), and is likely to represent the urban hierarchical structure of a country. 15 The control variables capture some countries' features and deal with some sources of heterogeneity, reducing omitted variable bias. Table 1 reports the number of observations, the mean, the standard deviation, the minimum and the maximum value for the variables above the merged database. Both the human and the economic impact of natural disasters are higher than those of technological disasters. Unfortunately, EM-DAT provides the economic impact of technological disasters for only a limited number of events (116 out of 1,671). This limitation does not allow us to examine the influence of national wealth, income inequality and social welfare on the economic impact of technological disasters as well as the economic impact of these disasters on economic growth using econometric analysis. The
Pearson correlation coefficient between the explanatory variables is not very high, apart from the coefficient between the net-and the market-income inequality, between the two proxies for Sen's index (ln), and between the GDP per capita (ln) and Sen's index (ln) (Appendix 3).
Econometric specifications
We use the following econometric specification to examine the influence of national wealth, income inequality and social welfare on disaster outcomes: We then use the following econometric specification to examine the impact of disaster outcomes on the short-term and long-term economic growth:
where ( ) and ( ) are the annual economic growth (i.e. short-term growth) and the 5-year economic growth (i.e. long-term growth), respectively, for country i at time t, is the ln of natural or technological human disaster for country i at time t, is the ln of natural hazard-associated economic disaster for country i at time t, is a vector of national control variables (i.e. ln of GDP per capita, net-or market-income inequality, ln of net-or market-social welfare, ln of number of disasters, ln of employment, tfp, ln of population density, and population in the largest city).
These econometric specifications include both spatial and temporal variation. The empirical analysis exploits the unbalanced panel structure of the dataset for 175 countries from 1960 to 2015 by both Ordinary Least Squares (OLS) and Fixed Effects (FE) estimation. In the OLS estimation, the error term is specified as , where is a vector of time-dummies which controls for all timespecific national-invariant variables (Baltagi 2005) , such as climate change effects and technological improvements effects (Tselios and Tompkins 2017) , as well as controlling for possible improvements in EM-DAT after 1988, and is the disturbance term. The OLS coefficients reflect long-run effects because they allow for both inter-country (across-country) and intra-country (within-country)
variation from the data (Durlauf and Quah 1999; Mairesse 1990; Partridge 2005; Griliches and Mairesse 1984) . 16 In the FE estimation, the error term is specified as , where is the unobservable time-invariant national specific effects. The FE estimator controls for the effects of the omitted variables that are peculiar to each nation and therefore accommodates national heterogeneity. In other words, the FE model holds constant (fixes) the average effects of each country. The time-invariant national specific effects may include the effects of topography, mountains, the physical geography of coasts and natural resources, which are usually time-invariant characteristics, and may affect exposure to hazards (Tselios and Tompkins 2017) . The FE estimator wipes out all the national-specific time-invariant variables, reducing the risk of obtaining biased estimation results, but this reduction in bias comes at a significant cost, as it removes cross-national (inter-country) variation from the data, potentially affecting the efficiency of the parameter estimates (Baltagi 2005; Higgins and Williamson 1999; Rodríguez-Pose and Tselios 2010) . By including fixed effects, we control for the differences across countries in any observable or unobservable predictors. The FE coefficients reflect short/medium-run effects or time-series effects, because they soak up all cross-national differences (across-group variation) and what is left over is within-group variation (Durlauf and Quah 1999; Mairesse 1990; Partridge 2005; Griliches and Mairesse 1984) . From a theoretical point of view, the distinction between the long-run and the short-run effect is very important, because part of the impact of natural and technological disasters depends on the country's ability to cope with the short-run and the long-run effects of a disaster and the resilience. Finally, the regression results are likely to suffer from some causation because national wealth, income inequality and social welfare are both a cause and consequence of disaster risk (Wisner et al. 2004 ).
The drivers of disaster resilience: regression results
Our analysis recognizes the complexity of the relationship between disasters and development, and hence the analysis considers both (a) the influence of national wealth, income inequality and social welfare on disaster outcomes and (b) the human and economic impact of disasters on economic growth. Both of these aspects are discussed in relation to natural and then to technological hazards. 16 The inter-country variation is the variation in the average quantity from one country to the next, while the intra-country variation is the variation within each country over time. Table 2 presents the influence of national wealth (i.e. economic output, annual growth and 5-year growth), income inequality (i.e. the Gini index of net-income inequality and the Gini index of marketincome inequality) and social welfare (i.e. Sen's index and public social spending) on natural hazardassociated disaster outcomes in terms of human impact and economic impact, after controlling for the number of disasters, the employment level, the tfp, the population density, the population in the largest city and the time-specific national-invariant variables (i.e. time-dummies). The results show that natural disasters have a greater human impact on less economically developed countries (i.e. countries with relatively low GDP per capita, which is a proxy for national output and therefore national wealth) than on more developed ones (Regressions 1-2 and 9-10). The number of total people injured, made homeless, requiring immediate assistance and killed is higher for less economically developed countries than for more developed ones. However, natural disasters have a greater long-run economic impact on more economically developed countries (Regressions 5-6), possibly because more extensive infrastructure can be found in these countries which is costly to mend if damage occurs. Overall, there is evidence that 'high-income countries suffer from huge economic losses in disasters, but people in low-income countries pay with their lives' as U.N. chief
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Ban Ki-moon said in a message for the annual International Day for Disaster Reduction (UNISDR 2016).
As for economic growth, there is no robust evidence that annual growth and 5-year growth affect natural disaster outcomes in terms of human and economic effects in the long-run (OLS estimator).
Nevertheless, there is some evidence for a negative association in the short-run (FE estimator) (a)
between 5-year growth and human impact (Regressions 9-10), and (b) between annual growth and economic impact (Regressions 13-14). Therefore, countries with faster growing GDP per capita tend to experience lower levels of human and economic loss from natural disasters in the short-run (Tselios and Tompkins 2017) , but this effect disappears in the long-run.
Income inequality matters for natural disaster outcomes. The results show that an increase in netincome inequality increases the human impacts of natural disasters (Regression 1), and an increase in market-income inequality increases both the human and economic impacts from natural disasters but after controlling for fixed effects (Regressions 10 and 14). The positive relationship between income inequality and natural disasters is likely to denote the fact that poor households are more vulnerable to natural shocks in both the response phase (which is usually a short-run phase) and the recovery phase (which is usually a long-run phase) and countries which are more exposed to natural disasters may also experience higher inequality than those that are less affected.
The net-and market-Sen's index is negatively associated with human impacts of natural disasters for the OECD countries regardless of the estimator (Regressions 3, 4, 11 and 12), and public social spending is negatively associated with human impacts but only after controlling for fixed effects (Regressions 3 and 4). Therefore, the higher the social welfare, the lower the human impacts. We can hypothesise about the causes of this, for example, this could be because countries with strong welfare states contribute to people living in safer conditions and play a better role in both the preparation for and response to disaster events than countries with weak welfare states. In the former countries, mitigating actions may be taken to reduce human disaster outcomes, while in the latter countries the lack of social protection could mean that people are forced to use their assets to buffer disaster losses. Greater social welfare is expected to lead to more appropriate and sustainable human disaster risk reduction interventions. Therefore, the findings make the case for social protection being an important tool for managing the human risk of natural hazards. Nevertheless, the results do not show evidence of any relationship between social welfare and the economic impacts of natural disasters (Regressions 7, 8, 15 and 16).
We then examine whether the influence of national wealth and income inequality on natural hazardassociated disasters is stronger or weaker for poor countries than for other countries (Appendix 1)
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Here, we define poor countries as countries with GDP per capita below the 10 th percentile of GDP per capita of the countries in the merged dataset. We observe that there are no differences in the effect of national wealth (both economic development and economic growth), but there are some differences in the effect of income inequality in the short-run. More specifically, the detrimental effect of net-and market-income inequality on human outcomes from natural disasters is more relevant for poor countries than for other countries after controlling for fixed-effects (Appendix 4).
This may denote the fact that the relatively poorest and least powerful people already live in a situation with poor water supply and sanitation, and lack of infrastructure, which is compounded by natural disasters (Ferrier and Spickett 2007) .
As for the control variables, the results in Table 2 show that there is a positive association between the number of natural disasters and the human and economic natural disaster outcomes (Regressions 1-16). Moreover, an increase in the employment level implies an increase in disaster outcomes (Regressions 1-8), but this effect disappears after controlling for fixed effects (Regression 9-16). The effects of the other controls, i.e. tfp, population density and population in the largest city, are sensitive to the empirical specification.
The human and economic impact of natural disasters on economic growth
Table 3 displays the human and economic impact of natural hazard-associated disasters on annual and 5-year economic growth after controlling for GDP per capita, income inequality, social welfare, the number of disasters, the employment level, the tfp, the population density, the population in the largest city and the time-specific national-invariant variables. Regressions 1-8 have been estimated by OLS and Regressions 9-16 by FE. Once more, in all regressions, the VIFs have been used to test for multicollinearity. Appendix 5 displays the differences in the human and economic impact on economic growth between poor and other countries.
The results do not show evidence that the human impacts of natural hazard-associated disasters delay economic growth for all countries in the world (Regressions 1-16), but this is relevant only for poor countries (Appendix 5). One of the reasons behind the robust negative association between human impacts and economic growth for poor countries is that natural disasters have serious welfare consequences for affected populations and local labour markets undermine economic growth. Poor countries do not have the necessary resources to cope with and recover from natural disasters (Jones et al. 2011; Noy 2009 ). In poor countries, natural disasters trap people in a cycle of poverty, because their buildings are poorly constructed and they have limited resources for disaster response and rebuilding.
The economic impacts of natural disasters seem to delay the long-term economic growth (i.e. 5-year growth) (Regressions 5-6 and 13-14), but especially for non-poor countries (Appendix 5). Thus, there seems to be evidence that the negative economic impacts of disasters on long-term growth are higher in rich countries than in poor ones, possibly because the physical capital investments are higher in rich countries. Moreover, there is no evidence that natural disasters may provide the impetus to update the capital stock and adopt new technologies, leading to increases in economic growth in the long-run (Skidmore and Toya 2002; Caballero and Hammour 1994) . In poor countries, the higher economic cost of natural disasters is correlated with higher short-term growth. According to the traditional neoclassical growth models, the destruction of capital stock in poor countries due to natural disasters may boost short-run growth, possibly because it moves countries away from their steady-state levels of macroeconomic objectives (Shabnam 2014 ).
The control variables are discussed very briefly. We observe that there is evidence of convergence in GDP per capita in the long-run (Regressions 5-6 and 13-14) and there is a negative association between public social spending and economic growth (Regressions 3-4, 7-8, 11-12 and 15-16). The results of the other control variables are sensitive to the empirical specification. differences between poor and other countries (Appendix 6). The results show that an increase in net-income inequality in OECD countries is associated with a long-run decrease in human impact (Regression 3). The negative relationship between net-income inequality and technological disasters is likely to highlight the fact that all households in OECD countries are vulnerable to technological shocks, especially in the recovery phase (because the response phase is usually a short-term phase), and OECD countries which are more exposed to technological disasters may experience lower income inequality than those that are less affected. The results also show that the higher the public social spending, the lower the short-run human impacts from technological disasters (Regressions 7-8). Countries with a strong social protection system reduce the risk for the human effects of technological disasters. Therefore, there is evidence that mitigating actions are key tools for human disaster risk reduction. As for the control variables, an increase in the number of disasters is associated with an increase in human impacts. The employment level positively affects human impacts, but only in the long-run. Finally, the higher the population in the largest city of a country, the higher the human impacts, which means that metropolitan areas (especially those of non-OECD countries) are more exposed to technological disasters than other areas. 
Disaster outcomes from technological hazards
The influence of national wealth, income inequality and social welfare on technological disaster outcomes
The human impact from technological disasters on economic growth
Conclusions
This paper aims to advance understanding of the influence of national wealth, income inequality and social welfare on disaster outcomes in terms of human effects (i.e. the number of people injured, people made homeless, people requiring immediate assistance, and people killed) and economic effects (i.e. the estimated damage to property, crops and livestock), as well as the impact of these outcomes on economic growth. Our analysis enables us to draw out some concrete conclusions.
For natural disasters, we conclude that there is a greater human impact but a lower economic impact on less economically developed countries than on more developed ones. Another way of looking at this is that developed countries suffer huge economic losses in natural disasters, but people in developing countries pay with their lives. This may be because high-wealth countries have more risk mitigation measures in place to reduce the extent of damage and more social policies and actions in place to reduce the human impact of the next disaster than the less-wealthy and more unequal ones (World Bank and United Nations 2010).
Our findings also indicate that an increase in income inequality is associated with an increase in the human impacts of natural disasters. This finding reinforces earlier work which shows a positive relationship between income inequality and disasters. Case-study research suggests that this could be because poor households are more vulnerable to natural shocks in both the response and the recovery phase. Our findings also support the location-specific work of Bui et al. (2014) and Fothergill and Peek (2004) , who note that countries which are more exposed to disasters may also experience higher inequality than those less affected. This could be due to the multiple vulnerabilities that inequality can create, for example, excluded or marginalized people often live in unsafe urban areas; their housing is poorly built and can be easily damaged; unequal countries may not invest in early warning systems to provide universal benefits, and weak social safety network may limit capacity to cope with disasters (Zorn 2018) . Natural disasters have the potential to cause social unrest in places of high inequality, which can lead to additional economic and human losses (Yamamura 2015) . Our findings highlight that this is not an issue unique to one country, but is a trend that can be seen across many countries with high inequality, thus reinforcing the need to address income inequality as an important priority element of disaster risk reduction.
Our research provides evidence that social welfare (i.e. both Sen's indexes and public social spending) in OECD countries is negatively associated with human impacts. In other words, it appears that OECD countries, which invest in social welfare mitigating actions, experience reduced human disaster outcomes. Our findings reinforce theoretical and case-based assessments in the literature which show that local scale social service provision can contribute to disaster resilience (Rapeli et al. 2018 ). There is also evidence that safety net assistance and insurance can reduce disaster risk, improve welfare (Teh 2017) , and social allowances can help households strengthen their resilience to disasters (Arouri, Nguyen, and Ben Youssef 2015) . Generally, for the developed world, social protection is considered an important tool for managing the human risk of hazards, e.g. social safety
nets and other components of social protection are likely to prevent and mitigate the impact of natural disasters in terms of human impacts (Sann et al. 2012 ). However, we find no conclusive evidence that in the developing world, countries with high provision of social welfare recover more quickly from disasters than countries with low provision. This is not a recommendation to remove social welfare programming, but offers an insight into the more important underlying drivers of vulnerability, i.e. income inequality should be a higher priority to address disaster risk than provision of social welfare.
As for the impact of natural disaster effects on economic growth, the results show that the human impacts of disasters delay the economic growth of poor countries. This is not a new finding, however, we are able to show that this is a conclusive long-term trend for all developing countries.
Natural disasters do not provide long-term development opportunities as aid flows in, but as with low income communities trapped in cycles of poverty, low income countries which are highly exposed to hazards can become trapped in disaster-driven development doldrums, unable to escape.
As far as the technological disasters are concerned, there is no evidence that national wealth and income inequality are associated with human effects for all countries in the world. However, there is some evidence that an increase in public social spending in OECD countries is related to a decrease in the human impacts of disasters. A possible conclusion from this is that risk mitigation of OECD countries are key tools for human disaster risk reduction. Finally, an increase in the human impacts of technological disasters for poor countries undermines economic growth. Other results show that the largest cities of non-OECD countries are more exposed to technological disasters than other cities.
Our findings add insight into the understanding of the impacts of disasters on development and growth: poor countries which are frequently and badly affected by natural disasters are less likely to be able to maintain rates of economic growth. Under a changing climate, as Hallegatte, Hourcade, and Dumas (2007) point out, this could mean that the costs of adapting to extreme events in the developing world could be much higher than currently anticipated, and that the impacts of climate change could undermine economic development potential.
Where does this paper leave us in terms of progress towards Sendai and the SDGs? Our findings reinforce the importance of taking into account the drivers of vulnerability in understanding disaster outcomes, to identify the groups in society already under pressure and most at risk before a disaster happens. But, what is needed specifically? Our findings point to the importance of addressing income inequality to reduce pre-disaster vulnerability, as a priority over provision of social welfare to address post disaster impacts. This matters for both policy and research. Resources for development, climate change adaptation and disaster risk that focus on post-disaster support (e.g. social welfare) may become increasingly insufficient to address low income countries' needs.
Therefore, policy focus needs to be drawn to the front of the disaster risk reduction cycle (i.e. address inequality), and away from the focus on recovery. Funds need to be spent on addressing social and economic inequality, through policy that supports universal access to land, access to power, access to assets and access to opportunity. Such an approach would work hand-in-hand with the focus of the SDGs, i.e. (4) Quality Education; (5) Gender Equality; (6) Clean Water and Sanitation; Despite these findings and policy recommendations, many questions remain open to be analysed in greater depth. This paper examined the 'whether', i.e. whether higher national wealth, lower income inequality and higher social welfare provisioning can reduce the human and economic impacts of natural and technological disasters and whether these disasters can affect economic growth, but it did not examine the mechanisms of these associations, i.e. the 'how'. In terms of research priorities, we reinforce the need for more global scale analyses of trends in drivers of disaster risk and disaster vulnerabilities, to draw out global priorities on disaster risk reduction. In addition, we recommend more detailed global analyses of the dimensions of inequality that have the most damaging impacts on disaster outcomes. Research of this nature could help clarify where policy to address inequality should focus, and would enable a more careful targeting of resources to achieve the Sendai obligations and the SDGs.
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